Summary
Introduction
Several studies have demonstrated that the weightrelated stigma is widespread in our society (1) (2) (3) (4) (5) (6) .
Individuals with obesity face inequalities in many areas of living (e.g. employment settings, educational institutions and healthcare facilities), because of negative stereotypes that assume them to be lazy, less competent, sloppy or lacking in will-power and self-discipline (1, 2) . Similarly, negative stereotypes have been reported towards anorexia nervosa (AN), a condition like obesity is associated with body weight (i.e. extreme thinness) and body dissatisfaction (7) . Negativity towards people with AN has been documented among medical professionals, nursing staff (4), university students (5) and the general public (6) . People with AN are believed to be boring, weak, self-destructive and psychologically vulnerable and to have less desirable traits (e.g. openness, agreeableness or extroversion) (3) .
Interestingly, recent studies comparing attitudes towards these two weight-related conditions suggested that people with obesity are more stigmatized than people with AN. For example, Ebneter and Latner (8) found that persons with obesity were more blamed and held more responsible for their condition than AN. In addition, individuals with obesity were perceived as more lacking of self-discipline. Similarly, Zwickert and Rieger (9) found that participants reported more blame to people with obesity compared with people with AN.
Although these studies provided valuable information concerning weight-related stigmatization, they are limited both by a lack of a direct comparison between obesity and AN stigma and by the use of explicit measures (i.e. selfreports) to assess attitudes. Indeed, in the studies cited earlier, participants were asked to read vignettes describing a person with AN or obesity and respond to explicit items examining stigmatizing attitudes towards each condition.
Investigating attitudes towards weight categories by means of implicit (i.e. indirect behavioural) measures is crucial to have a more comprehensive and accurate evaluation of the weight-related stigma. Indeed, explicit measures reflect conscious and controllable evaluations, while implicit measures permit to assess automatic evaluations and associations that exist in memory and occur outside of awareness or conscious control (10) . Explicit measures are thus more influenced by intentional and social desirability processes that might prevent people from accurately reporting attitudes towards a group if they think this could be viewed negatively by others. Implicit measures are instead less influenced by social desirability, and they are thus instrumental to detect spontaneous attitudes that might not be evident at an explicit and conscious level.
Previous studies already showed that weight-related attitudes can differ at an explicit and implicit level. For example, Teachman and Brownell (11) have found strong evidence for implicit obesity stigma among health professionals who specialized in obesity treatment and in the general population. In contrast, this study found only very weak evidence for explicit obesity stigma. Similarly, a recent research by Marini et al. (12) found evidence of a positive relationship between the average body mass index (BMI) of a nation and its obesity stigma only in implicit measures but not in explicit self-reports. Furthermore, it has been shown that implicit attitudes may predict prejudiced behaviours more effectively than explicit attitudes (13) (14) (15) . For example, Bessenoff and Sherman (16) have demonstrated that the implicit obesity stigma predicted how far participants chose to sit from an overweight woman, whereas explicit obesity stigma did not.
Taken together, these studies suggest that assessing the weight-related stigma only by means of explicit measures might be inadequate because people may not accurately report at a conscious level the social evaluations associated with body weight. Thus, investigating implicit weight-related preferences may be crucial to have a more comprehensive and accurate evaluation of the weight stigma and to evaluate its impact on the behaviour.
The main goal of the present study was to perform such an investigation and directly compare social preferences among different weight categories (i.e. underweight, normal weight and overweight/obese) by means of both implicit and explicit measures. In the present study, the underweight category was used to represent the AN condition. Explicit weight preferences were assessed by means of self-reports and implicit weight preferences by means of a Multi-category Association Test (MC-IAT) (17) . The MC-IAT is a modified version of the Implicit Association Test (IAT) (18) . Similarly to the IAT, it uses reaction times to detect automatic associations between mental representations that exist in memory. It differs from the IAT because it permits to directly compare the implicit attitudes between more than two focal categories. Specifically, in the present study, the MC-IAT was used to compare social evaluations among three weight categories (i.e. underweight, normal weight and overweight/obese). In addition, to have a more comprehensive view of the weight-related stigma, implicit and explicit preferences were examined by socio-demographical predictors (i.e. gender, age, race/ethnicity, educational level and BMI).
Methods

Participants
A sample of 4,806 volunteers (mean age = 28.32 years, SD = 11.65; 67.7% women) participated in the present study. Participants were recruited through Project Implicit (https://implicit.harvard.edu), a website that offers visitors an opportunity to participate in research and receive educational feedback on a variety of social attitudes and stereotypes. Participants selected the present study from among a list of options.
Procedure and stimuli
Implicit preferences
Implicit preferences were measured by means of an MC-IAT (17) . The MC-IAT assessed implicit preferences among the following weight categories: underweight, normal weight and overweight/obese. Obese and overweight categories were randomly assigned across participants. That is, two MC-IATs were used, each consisting of three weight categories, (i) underweight, normal weight and overweight and (ii) underweight, normal weight and obese.
Pictures of persons belonging to different weight categories were generated using DAZ 3D (DAZ Productions, Inc., Salt Lake City, UT, USA), a 3D character illustration/animation software that permits to control in a parametric manner the degree of thinness/obesity of a computer-generated character. In the present study, a total of 64 pictures were generated by manipulating the following variables: weight category (i.e. underweight, normal weight, overweight and obese), gender (i.e. female and male) and race (i.e. Caucasian, African-American, Asian and Indian-American). Weight categories were defined according to the BMI, i.e. under 18.5 for underweight, from 18.5 to 25 for normal weight, from 25 to 30 for overweight and over 30 for obese. Specifically, for each one of the four weight categories, 16 pictures were used: two Caucasian women, two Caucasian men, two African-American women, two African-American men, two Asian women, two Asian men, two IndianAmerican women and two Indian-American men (Figure 1 ). 392 Implicit and explicit weight preferences M. Marini
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On each trial, subjects categorized the items presented on the screen (e.g. good or bad words or pictures displaying people belonging to different weight categories) by pressing either the 'I' or the 'E' key.
For all participants, the MC-IAT contained a total of 10 blocks, of which the first four were practice blocks. In all blocks, items were presented one at a time and participants were requested to categorize them as quickly as possible. Categorization errors had to be corrected before continuing to the next trial.
In the first block (12 trials, practice), participants were instructed to press the 'I' key to categorize good words (e.g. happy, great, smile and joy) and the 'E' key to categorize bad words (e.g. hell, terrible, awful and hate).
In the second block (16 trials, practice), participants were instructed to press the 'I' key to categorize good words and pictures belonging to one of three weight categories (target category, e.g. normal weight people) and the 'E' key to categorize bad words and pictures belonging to any of the other weight categories (i.e. underweight and overweight/obese people).
The third and the fourth blocks (28 trials each, practice) had the same structure as the second block with the only difference that the target weight category changed (e.g. if in the second block the target category was normal weight, in the third and fourth blocks the target categories were underweight and overweight/obese, respectively).
The remaining six blocks (28 trials each) were considered for analysis purpose. Their structure was the same as the second, third and fourth blocks with the target category and the other two weight categories rotating between all possible combinations.
Explicit preferences
Three items assessed the explicit weight preferences on a 7-point scale ranging from À3 "I strongly prefer X people to Y people" to +3 "I strongly prefer Y people to X people" for all possible pairings among the weight categories (i.e. underweight, normal weight and overweight/obese). As in the MC-IAT, obese and overweight categories were randomly assigned across participants. Thus, two versions of explicit items were used, each assessing the preferences among three categories, (i) underweight, normal weight and overweight and (ii) underweight, normal weight and obese.
Socio-demographic predictors
Participants completed a demographic questionnaire, including items related to gender, age, race/ethnicity, education, weight and height. Weight and height were used to compute the BMI for each participant.
Data analysis
Following the guidelines outlined in Nosek, Bar-Anan, Sriram, Axt and Greenwald (19) , participants' weight bias were assessed by means of five D scores, representing five pairwise comparisons among the investigated weight categories: normal weight-obese, normal weightoverweight, normal weight-underweight, underweightobese and underweight-overweight.
D scores for each participant were computed by subtracting the mean latency for the congruent block from the incongruent block and then dividing by the standard deviation of the latencies across both blocks. For each pairwise comparison among weight categories, 'congruent' and 'incongruent' blocks were defined by considering a preference for the first category. Thus, positive D scores indicated a preference for the first category, while negative scores indicated a preference for the second category. For example, in the normal weight-obese comparison, a 'congruent' block was one in which normal weight pictures and good words were associated with one response key and obese pictures and bad words were associated with the other response key. Conversely, an 'incongruent' block was one in which normal weight pictures and bad words were associated with one response key and obese pictures and good words were associated with the other response key. A positive D score indicated thus a preference for the normal weight category, and a negative score indicated a preference for the obese category.
The following data cleaning procedures were employed (20) : responses slower than 10,000 ms were removed, as well as the first four practice blocks and the first four trials of each block. In addition, response times lower than 400 ms were recoded to 400 ms, and all response times greater than 2,000 ms were recoded to 2,000 ms. Participants' MC-IAT data were excluded if more than 10% of their responses were faster than 400 ms, indicating careless responding (2.1% of participants that completed the MC-IAT).
To investigate the socio-demographic factors associated with implicit and explicit weight-related biases, linear regression analyses were conducted. A separate regression analysis was performed for each of the five pairwise comparisons among weight categories (i.e. normal weight-overweight, normal weight-obese, normal weight-underweight, underweight-overweight and underweight-obese) at both the implicit and explicit levels and included in each regression model five socioObesity Science & Practice Implicit and explicit weight preferences M. Marini 393 demographic predictors (i.e. gender, age, race/ethnicity, educational level and BMI).
Results
Implicit and explicit preferences overall
In the present study, participants' explicit and implicit preferences among different weight categories were assessed by means of a set of pairwise comparisons. More specifically, we performed five comparisons: normal weight-overweight, normal weight-obese, normal weight-underweight, underweight-overweight and underweight-obese.
In the three comparisons of the normal weight category with the overweight, obese and underweight categories, participants showed, both at the implicit and explicit levels, preferences for the normal weight category (nor- All explicit and implicit scores were significantly different from 0 (p-value < 0.01) and positively correlated (r range = 0.16-0.26, p < 0.01; Table 1 ).
Implicit and explicit bias by socio-demographic predictors
To investigate the potential socio-demographic factors associated with implicit and explicit weight-related preferences, linear regression analyses were conducted. In all regression models, five socio-demographic predictors were included and implicit and explicit preferences representing each paired comparison of the weight categories (i.e. normal weight-obese, normal weight-overweight, normal weight-underweight, underweight-overweight and underweight-obese) were used as dependent variables. The results of all the performed regressions are reported in Table 2 . Regressions that reached statistical significance are reported as follows.
Normal weight-obese and normal weightoverweight comparisons Implicit level: BMI was negatively related with implicit preferences for the normal weight category when this category was compared with obese (β = À0.14, t(1, 604) = À5.72, p < 0.01) and overweight categories (β = À0.15, t(1, 465) = À5.51, p < 0.01), indicating that leaner participants showed stronger implicit preferences for normal weight category. Explicit level: Gender, educational level and BMI were significantly associated with explicit preferences for the Leftmost eight columns: implicit and explicit scores overall among weight categories. Each row shows the results for one of the five comparisons performed in the study. All implicit and explicit scores were significantly different from 0 (p < 0.01). For every comparison (e.g. normal weight-obese), a positive score indicates a preference for the first weight category (i.e. normal weight), while a negative score indicates a preference for the second weight category (i.e. obese). Explicit and implicit scores for the normal-underweight comparison were computed by aggregating data collected in both the two versions of the self-items and Multi-category Implicit Association Test. Rightmost two columns: correlations between implicit and explicit scores for each of the five comparisons performed in the study. All the correlations were significant (p < 0.01).
normal weight category when this was compared with obese (gender: β = 0.11, t(1, 775) = 4.90, p < 0.01; education: β = 0.11, t(1, 775) = 4.11, p < 0.01; BMI: β = À0.19, t(1, 775) = À7.98, p < 0.01)) and overweight categories (gender: β = 0.09, t(1, 601) = 3.69, p < 0.01; education: β = 0.07, t(1, 601) = 2.33, p < 0.05; BMI: β = À0.23, t(1, 601) = À9.19, p < 0.01). That is, male, more educated and leaner participants showed stronger explicit preferences for the normal weight category. In addition, in the comparison obese-normal weight, a significant effect of age (β = À0.10, t(1, 775) = À3.62, p < 0.01) and race/ethnicity (β = À0.10, t(1, 775) = À4.33, p < 0.01) was found, indicating stronger explicit preferences for the normal weight category among younger, Caucasian or Asian (vs. Hispanic or African-American) participants.
Normal weight-underweight comparison
Implicit level: Gender (β = 0.08, t(3, 071) = 4.30, p < 0.01) and educational level (β = 0.05, t(3, 071) = 2.48, p < 0.01) were positively related with implicit preferences for the normal weight category when this category was compared with the underweight category, indicating stronger implicit preferences for the normal weight category among male and more educated participants. Explicit level: Gender (β = 0.05, t(3, 374) = 2.93, p < 0.01), age (β = À0.10, t(3, 374) = À4.88, p < 0.01), educational level (β = 0.09, t(3, 374) = 4.79, p < 0.01) and BMI (β = 0.09, t(3, 374) = 5.05, p < 0.01) were significant predictors of explicit preferences for the normal weight category in the normal weight-underweight comparison. That is, male, younger, more educated and heavier individuals reported stronger explicit preferences for the normal weight category.
Underweight-overweight and underweight-obese comparisons
Implicit level: Educational level and BMI were associated with implicit pro-overweight/obese preferences when underweight category was compared with both obese (BMI: β = 0.09, t(1, 602) = 3.56, p < 0.01; education: β = 0.10, t(1, 602) = 3.50, p < 0.01) and overweight categories (BMI: β = 0.11, t(1, 468) = 3.96, p < 0.01; Education: β = 0.12, t(1, 468) = 4.18, p < 0.01). That is, more educated and heavier participants showed stronger implicit pro-overweight/obese preferences. Explicit level: Gender, race/ethnicity and BMI were significant predictors of explicit pro-underweight preferences when the underweight category was contrasted with both the obese (gender: β = À0.12, t(1, 773) = À5.12, p < 0.01; race/ethnicity: β = 0.09, t(1, 773) = 3.75, All factors in italics were significant (p < 0.05).
BMI, body mass index.
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Implicit and explicit weight preferences M. Marini 395 p < 0.01; BMI: β = 0.24, t(1, 773) = 10.11, p < 0.01) and overweight (gender: β = À0.09, t(1, 591) = À3.54, p < 0.01; race/ethnicity: β = 0.07, t(1, 591) = 3.00, p < 0.01; BMI: β = 0.26, t(1, 591) = 10.58, p < 0.01) categories. That is, male, leaner, Caucasian or Asian (vs. Hispanic or African-American) participants reported stronger pro-underweight preferences.
Discussion
The current study is the first to investigate and directly compare weight-related preferences among different weight categories by means of both implicit and explicit measures.
In agreement with previous research suggesting negativity towards individuals with obesity and anorexia (1-3,6), results showed preferences for the normal weight category when this category was compared with overweight/obese and underweight categories. This result was observed both at the implicit and explicit levels, indicating that the stigma towards overweight/obese and underweight categories was present both at the conscious and unconscious levels.
In contrast, when overweight/obese category was directly compared with the underweight category, results showed a dissociation between preferences at implicit and explicit levels: participants showed pro-overweight/ obese preferences at the implicit level and prounderweight preferences at the explicit level. Such dissociation between implicit and explicit measures suggests that the pro-overweight/obese preferences observed at the unconscious level may be denied or rejected at a conscious level.
The pro-underweight preferences found at the explicit level in the present experiments may be explained by social pushes present in the Western societies (where our participants were recruited). Explicit measures assess conscious and controllable attitudes by means of selfreports, while implicit measures infer unconscious and automatic attitudes with behavioural measures (18) . Explicit measures are thus more influenced by intentional and social desirability processes, and for this reason, they tend to reflect standards of own culture and society (21, 22) . In Western societies, the cultural ideal of beauty has become synonymous with thinness (23) , and it is partially acceptable to denigrate people with obesity (24) . In the USA, the rate of obesity is high and people are continuously exposed to media messages aimed at reducing this condition, and underweight individuals may be also viewed positively and elicit some level of admiration because they exert self-control to their own weight (25) . Thus, the powerful contrast between model of beauty and problem of obesity in Western societies may further increase the desirability of thinness compared with obesity and affect weight-related preferences at a conscious level, leading participants to respond to subjective explicit self-reports by comparing themselves with models of Western culture and society.
The pro-overweight/obese preferences found instead at the implicit level may be the results of deeper concerns, whereby underweight individuals may be viewed negatively because an extreme low body weight has maladaptive and dangerous health consequences, including death. Such concerns may not be evident at the explicit level because of the present social pressure for thinness as discussed in the previous paragraph. However, they become evident at the implicit level as they are related to basic needs as that of self-preservation and survival of the individual firmly established in our mind. Indeed, the unhealthy and harmful consequences related to anorexia are well known. Although maintaining a low body weight can reduce some anxiety associated with body weight and shape, it has several adverse effects on one's physical (i.e. heart and circulation, sex hormones and fertility, bones, intestinal function, muscles, skin and hair, temperature regulation and sleep), psychological (i.e. thinking and concentration, feelings and mood and behaviour) and social functioning (26) . In addition, the mortality rate in AN is the highest among all psychiatric disorders (27) and 5.86 times higher than the expected number of deaths in the general population (28) . The severe health consequences associated with anorexia and its strong link with the concept of death may thus lead to increase the negativity towards underweight individuals at the implicit level. From an evolutionary point of view, this implicit negativity may be necessary to maintain an internal consistency towards survival. Indeed, according to evolutionary theories, humans possess mechanisms that allow them to detect and exclude pathogen-carrying conspecifics. Specifically, individuals are stigmatized if they are perceived or display features that are markers of disease, even when they neither pose a direct health risk nor are contagious to others (29, 30) . Disease-relevant cognitions and emotions may thus be more likely inspired by the perception of individuals who are skeletally thin than those with obesity.
Future research, using explicit references to a healthy or unhealthy condition, would be thus valuable to test whether the weight-related attitudes found here could be influenced by their potential health consequences. Indeed, although a low body weight is more likely to be associated with health problems, in Western societies, individuals with a BMI below the normal range might be also perceived as healthy.
Implicit pro-overweight/obese preferences may be also explained by additional automatic associations related to be underweight, including poverty and war. Indeed, poverty refers to the deprivation of basic human needs that commonly include food. Similarly, conflicts consistently disrupt food production and force people to flee their homes, leading to hunger emergencies as the displayed find themselves without the means to feed themselves. Such negative associations firmly established in our mind may thus lead us to implicitly prefer individuals with obesity over underweight individuals.
The present study also found that, for some comparisons among the investigated weight categories, implicit and explicit preferences were influenced by sociodemographical factors.
Overall, weight preferences were related to BMI, i.e. although people showed, on average, no clear preference for their own BMI category, they nonetheless exhibited less negativity towards it than people belonging to other BMI categories. These results are in accordance with previous studies (12, 31) showing that people with obesity prefer thin people on average, but these preferences are weaker than those exhibited by normal weight and underweight people.
In addition, consistently with previous research (32) (33) (34) (35) , less negativity towards some weight categories was observed among women, less educated individuals, older people, Hispanic and African-American individuals. Minority groups are more subjected to social discrimination and negative judgments, and thus, they may be more sensitive to social biases and, for this reason, show less negativity towards stigmatized weight categories.
The present study provides several relevant insights concerning the weight-related stigma. However, some limitations should be noted. The sample might not represent a random selection of the general population. Indeed, several selection biases could have influenced the composition of the sample used in this study, such as people who voluntarily participated in the research because they are interested in assessing their own weight-related preferences. Although it is not possible to identify a plausible reason why variation in selection biases would explain the dissociation between implicit and explicit found here, replication with other samples will be very useful to increase the confidence of the present results.
Taken together, these results may have important implications at the behaviour level. Indeed, research showed that implicit attitudes predict prejudiced behaviours more effectively than explicit attitudes (13) (14) (15) . For example, a recent study in the healthcare setting showed that implicit (but not explicit) measures predicted physicians' thrombolysis decisions for myocardial infarction (36) . An explorative analysis of the data collected in the present study showed that healthcare professionals (N = 391) held the same weight-related bias as the general population (Table 3) . Further studies that include assessment of behaviour and decision-making will be thus important to determine how the implicit weight-related attitudes found here might contribute to social disparities, especially in the healthcare setting (e.g. clinical behaviour and decisions and quality of care delivered to underweight and overweight/obese patients). 
